Objectives: Trauma is the greatest cause of morbidity and mortality in paediatric/adolescent populations worldwide. This study aimed to describe trauma mechanisms, patterns and outcomes among children with blunt torso trauma admitted to the Sultan Qaboos University Hospital (SQUH) in Muscat, Oman. Methods: This retrospective single-centre study involved all children ≤12 years old with blunt torso trauma admitted for paediatric surgical care at SQUH between January 2009 and December 2013. Medical records were analysed to collect demographic and clinical data. Results: A total of 70 children were admitted with blunt torso trauma during the study period, including 39 (55.7%) male patients. The mean age was 5.19 ± 2.66 years. Of the cohort, 35 children (50.0%) received their injuries after having been hit by cars as pedestrians, while 19 (27.1%) were injured by falls, 12 (17.1%) during car accidents as passengers and four (5.7%) by falling heavy objects. According to computed tomography scans, thoracic injuries were most common (65.7%), followed by abdominal injuries (42.9%). The most commonly involved solid organs were the liver (15.7%) and spleen (11.4%). The majority of the patients were managed conservatively (92.9%) with a good outcome (74.3%). The mortality rate was 7.1%. Most deaths were due to multisystem involvement. Conclusion: Among children with blunt torso trauma admitted to SQUH, the main mechanism of injury was motor vehicle accidents. As a result, parental education and enforcement of infant car seat/child seat belt laws are recommended. Conservative management was the most successful approach. 
2013. Medical records were obtained for all children ≤12 years old with thoracic, abdominal or combined injuries due to trauma who were admitted to SQUH for paediatric surgical care during the study period. Data were collected by two independent researchers using the hospital's computerised database and records from the emergency, paediatric and surgical wards.
Demographic and clinical data were collected, including gender, age, mechanism of injury, associated injuries, Glasgow Coma Scale scores and clinical condition at presentation to the Emergency Department (ED). Diagnostic modalities used, radiological findings and management approaches were also recorded. Furthermore, admission to and duration of stay at the Paediatric Intensive Care Unit (PICU), utilisation of inotropic support (if needed), overall duration of hospital stay, intraoperative findings, transfers to other hospitals (if needed) and patient outcomes, including rates of complications, mortality and residual morbidity at discharge, were also noted. Radiological findings were validated by a senior radiologist at SQUH. Data were analysed using the Statistical Package for the Social Sciences (SPSS), Version 16 (IBM Corp., Chicago, Illinois, USA). 
Results
Over the four-year study period, 7,417 paediatric patients were brought to the ED with a history of allcause trauma, including 15 patients who were dead on arrival (incidence: 20/10,000 individuals) and 125 patients who were subsequently admitted (incidence: 650/10,000 individuals). Of those admitted, a total of 70 children (56.0%) presented with blunt torso trauma, including 39 males (55.7%) and 31 females (44.3%). These patients ranged in age from 0-12 years old, with a mean age of 5.19 ± 2.66 years. School-aged children (6-12 years old) were most commonly involved (n = 31; 44.3%). In terms of mechanism of injury, the majority were pedestrians who had been hit by cars (n = 35; 50.0%). Children also received blunt trauma injuries due to falls (n = 19; 27.1%), motor vehicle accidents in which the children were passengers (n = 12; 17.1%) and from falling heavy objects (n = 4; 5.7%) [ Table 1 ].
Chest and pelvic X-rays were the primary diagnostic modality; chest X-rays were normal for 53 patients (75.7%) while pelvic X-rays were normal for 70 patients (100.0%). Pneumothorax was evident on the chest X-rays of 15 patients (21.4%) and lung contusions were seen on the chest X-rays of two patients. Underlying T rauma is the single greatest cause of morbidity and mortality in paediatric or adolescent populations and an estimated one in four children require medical care due to unintentional trauma every year.
1,2 Trauma can either be blunt or penetrating and different principles of management exist accordingly. Blunt trauma is more prevalent and usually involves multiple systems in children due to their small size. 3 Isolated skeletal or head injuries are managed by the concerned specialties, while blunt trauma that involves other areas is known as blunt torso trauma. The torso is generally considered a single unit as thoracic and abdominal injuries tend to occur simultaenously. 4 For this reason, children with this type of trauma require more vigilant assessment and the involvement of multidisciplinary teams in the management of their injuries.
In Oman, trauma is one of the most common causes of death in patients below 18 years of age. 5 Since 2009, children with blunt torso trauma have been referred to the Sultan Qaboos University Hospital (SQUH), a tertiary care hospital in Muscat and one of the main trauma referral centres in Oman. Although SQUH meets many of the standards of a level I paediatric trauma centre, it is considered a level III paediatric trauma centre because the hospitalisation rate for children with trauma is less than 100 admissions per year. 6 To the best of the authors' knowledge, no study to date has yet documented the patterns, management practices and outcomes of paediatric blunt torso trauma cases in Oman. In order to improve the care of such patients, the current study therefore aimed to provide a detailed description of trauma mechanisms, patterns and outcomes among children hospitalised for the management of blunt torso trauma at SQUH.
Methods
This retrospective single-centre study was conducted at SQUH between January 2009 and December thoracic injuries in 31 patients (44.3%) were not observed on chest X-rays; however, the injuries were subsequently observed on helical chest computed tomography (CT) scans. Most of the patients in the current study who were haemodynamically normal or responded to resuscitation were evaluated by intravenous contrast CTs of the head, chest, abdomen and pelvis. A total of 65 patients (92.9%) underwent abdominal CT scans with intravenous contrast; these detected 34 injuries in 29 patients. All cases of rib fracture were missed on initial chest X-rays (n = 5; 10.9%). Of the 37 cases with lung contusions, most were missed via X-ray (n = 35; 94.6%). Similarly, none of the pelvic fractures observed via CT scans (n = 14) were picked up by the pelvis X-rays. More than 50% of the abdominal CT scans were negative for intra-abdominal injuries. According to CT scans, single system thoracic injuries (n = 10; 14.3%) or multisystem thoracic injuries (n = 36; 51.4%) were most common (n = 46; 65.7%), followed by abdominal injuries (n = 30; 42.9%). Of the thoracic injuries, the most common injuries were lung contusions (n = 37; 80.4%), followed by pneumothorax (n = 18; 39.1%), haemothorax (n = 6; 13.0%) and rib fractures (n = 5; 10.9%) [ Table 2 ]. Among those with abdominal trauma, 10 patients (33.3%) had single system abdominal injuries while 20 (66.7%) had multisystem injuries [ Figure 1 ]. Two patients, one hit by a car causing a perforation of the small bowel with a mesenteric tear and extensive liver damage and the other patient with a duodenal blow-out due to a fall, had hollow viscous injuries which were managed by exploratory laparotomy; another two patients had multisystem involvement which developed into haemodynamic instability. Intra-abdominal injuries were noted in 29 patients (44.6%) via CT scan, with one patient taken to the operating theatre without initial imaging. The most commonly involved solid organs were the liver (n = 11; 15.7%)-in isolation (n = 8; 72.7%) or in combination with other organs (n = 3; 27.3%)-and the spleen (n = 8; 11.4%). Seven patients had a minimal amount of free fluid in the absence of any solid or hollow viscus injury. The majority of the children with single or multiple solid organ injuries were managed successfully through a conservative approach (88.9%) [ Table 3 ].
All of the patients were managed according to advanced trauma life support protocols. Five patients (7.1%) required surgical interventions while the rest of the patients were managed conservatively (92.9%). A total of 15 patients (32.6%) with thoracic injuries required chest intubation in the ED due to X-ray evidence of pneumothorax. Three additional cases of pneumothorax required chest intubation due to helical chest CT findings. In total, 62 patients (88.6%) were haemodynamically stable at presentation. Of the eight patients (11.4%) who were not, seven (87.5%) responded to resuscitation while the remaining patient underwent an exploratory laparotomy without an initial abdominal CT scan; the surgical exploration revealed a splenic injury which required a splenectomy. Unfortunately, the patient died five days after the operation while in the PICU. Four patients (6.2%) required an exploratory laparotomy after an abdominal CT scan. One patient died intra-operatively and the other three patients were moved to the PICU. Two of these patients died while in the PICU; the remaining patient, who had an isolated small bowel injury, survived. Another patient who had extensive Figure 1: Patterns of blunt torso trauma among children admitted to the Sultan Qaboos University Hospital, Muscat, Oman (N = 70). All injuries were diagnosed via computed tomography.
of the patients admitted to the PICU required blood transfusions (1-13 units of 10 mL/kg of packed red blood cells) and 15 patients (44.1%) required inotropic support (range of duration: <1 hour-10 days). Of the surviving patients, 52 patients (74.3%) were discharged without any residual morbidities, two patients (2.9%) were discharged with neurological complications and 11 patients (32.4%) were referred to other hospitals for further management [ Figure 2 ]. The two patients who were discharged with severe head injuries developed permanent disabilities.
retroperitoneal haematoma and was on expectant management died in the PICU. The mortality rate was therefore 7.1% (n = 5). Most of the patients who died had multisystem injuries [ Table 4 ]. In total, 35 patients (50.0%) were managed in wards-eight (22.9%) in a high dependency unit and 27 (77.1%) in normal wards-while 34 (48.6%) required observation in the PICU. Of those transferred to the PICU, four (11.8%) were moved post-surgery while 30 (88.2%) were transferred directly after CT evaluation. In the PICU, 21 patients (61.8%) required invasive ventilation (range of duration: <24 hours-29 days). All 
Discussion
Factors which determine the types and patterns of paediatric injury include the age and gender of the patient group and the cause of trauma. In the current study, the age group most commonly involved was 6-12-year-olds and children were most often injured as a result of being hit by a vehicle as a pedestrian. These findings could possibly be due to the fact that children of this age group are often allowed to play in the streets unattended. In contrast, toddlers (<1-yearolds) and preschool-aged children (1-3-year-olds) were collectively more likely to be injured in a fall or by having a heavy object fall upon them. As a result, parental education and strict enforcement of infant car seat and child seat belt laws are recommended as strategies to reduce the number of paediatric trauma patients in Oman. Regarding gender, slightly more male children presented with torso trauma than females in the current study. This is consistent with findings from other research-being male has been documented as a risk factor for trauma in many studies, with differences between males and females in involvement in trauma appearing from the first year of life. 7, 8 In children under 15 years of age, the mortality rate due to trauma is reportedly 24% higher in boys than girls. 7, 8 Differences in behaviour between genders may be one reason for such findings, as well as higher activity levels, greater freedom to play alone and increased involvement in risky sports among males.
Most of the patients in the current study who were haemodynamically stable were evaluated by CTs of the head, chest, abdomen and pelvis. Although CT scans are considered the primary diagnostic modality for the evaluation of haemodynamically stable children with torso trauma, there are concerns of cost and the potential for radiation-associated malignancies. 9 Recently, a clinical decision rule (CDR) has been suggested to identify children who are at very low risk of intra-abdominal injuries and hence would not require abdominal CTs; however, although costeffective, the validity of this CDR still requires further research. 9, 10 In the current study, the CT scan rate appears high; however, this may be because all children with torso trauma detected on CT scans were included in the study cohort. Hence, the exact CT scan rate for children presenting with torso trauma at SQUH is unknown. Nevertheless, CT scans were effective in the detection of additional injuries, including underlying lung injuries such as lung contusions and rib fractures. Similarly, none of the pelvic fractures were picked up by the pelvis X-rays.
The major concern in children with torso trauma is diagnosing potential intra-abdominal injuries. In the current study, all of the patients who underwent an abdominal CT did so with intravenous contrast. Oral contrast CTs are not used to screen paediatric trauma patients at SQUH as they are time-consuming and may be unsuccessful if the patient is scared or nauseous. Delayed emptying can also increase the risk of aspiration and may mask the imaging of the liver and spleen. Moreover, Ellison et al. recently showed that routine use of oral contrast is unnecessary and delays performance of CT scans and angiographic studies, if indicated. 11 In the current study, more than half of the abdominal CT scans were negative for intra-abdominal injuries. However, CT scans can nonetheless play an important role in the management of patients with torso trauma as they can exclude potential intra-abdominal or pelvic sources of blood loss. 12 The thorax was the most commonly involved region in combination with other regions in the current study. This is consistent with the findings of Peres et al., who described thoracic involvement in 50% of children with polytrauma. 13 Although lung contusions were the most common injury, the majority of these were included in the study, although most paediatric trauma series have an upper age limit of 15-19 years old; for this reason, differences in trauma patterns may exist. 8, 13, 14, 17 Secondly, the current study was retrospective and focused only on hospitalised patients admitted to a single trauma centre; as such, the findings may not represent the exact CT scan rate at SQUH or the true number of paediatric blunt torso trauma cases occurring in Oman during the study period. Thirdly, the current study did not describe the precise management algorithms utilised by the ED physicians, if any. The results of this study should hence be interpreted in light of the above limitations.
Conclusion
The main mechanism of torso trauma injury among children admitted to SQUH involved motor vehicle accidents. In order to reduce the number of paediatric trauma patients, parental education and strict enforcement of infant car seat and child seat belt laws is recommended. The majority of patients were managed conservatively with a good outcome. The optimal approach in treating paediatric trauma patients therefore seems to be conservative management. Mortality, although low, stemmed from multisystem involvement. c o n f l i c t o f i n t e r e s t
The authors declare no conflicts of interest. not observed via chest X-ray; furthermore, very few cases of associated rib fractures were found among the children in the current study. Karadaş et al. reported a similarly low rib fracture incidence in children under 19 years of age (11.1%).
14 These findings imply that lung parenchymal injuries can occur in the absence of associated rib fractures, perhaps due to the greater pliability of the rib cage in children; furthermore, such injuries can be missed on initial chest X-rays. 14, 15 An interesting finding on the CT scans of some of the patients in the current study was the presence of more than a trace amount of free fluid in the absence of solid organ injuries. The presence of this fluid indicates a mesenteric tear or hollow viscous injury, both of which require surgical intervention; however, there is a lack of consensus on the correct approach to be taken in such cases. 16 Hollow viscous injuries pose a significant diagnostic challenge and management options include performing another CT scan with oral contrast or a diagnostic laparoscopy. 12, 17, 18 The reported incidence of hollow viscous injuries among children with polytrauma varies from 1-23% and may involve any part of the gastrointestinal tract. 17 Only two patients were found to have such injuries in the current study. Hollow viscous injuries involving other organs like the stomach, large bowel or rectum were not found in the study. Abdominal exploration was performed for five patients due to either hollow viscous injuries or haemodynamic instability.
In the current study, all thoracic injuries were managed conservatively or by chest intubation, with the intention to intervene in case of haemodynamic instability or the development of peritonitis. Ismail et al. reported that the most common intervention for children with blunt thoracic trauma was chest intubation. 19 In the present study, none of the patients required thoracotomies. Currently, the management of solid organ injuries in stable children with blunt trauma is primarily nonoperative. 20 In the current study, the vast majority of the children with single or multiple solid organ injuries were managed successfully through a conservative approach. Failed nonoperative management is concerning because it carries a higher mortality rate than operative management (~5%). 21 Potential reasons for the high success rate of conservative management in the present study could include the availability of support, blood and blood products received by the patients in the PICU. However, another major contributor to the success rate may have been the absence of highrisk factors such as bicycle-related injuries, isolated pancreatic injuries and grade five solid organ injuries. 21 The current study had a number of limitations. Firstly, only children aged up to 12 years old were
